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INTRODUCTION
Candida albicans cell walls are made of three main components: glucans (both β-1,3-and β-1,6-linked) , chitin and mannoproteins (for reviews see Ruiz-Herrera et al. 2006 , 2012 . Glucans and chitin, which together account for 60%-70% of the cell wall mass, are responsible for the skeletal strength of the wall, and the morphology of the cell. Mannoproteins, representing the remaining 30%-40% of the cell wall mass, determine important cell surface properties (Sentandreu, Elorza and Ruiz-Herrera 2002; Sentandreu et al. 2004) . As originally described for Saccharomyces cerevisiae, covalently linked cell wall mannoproteins can be divided into three different groups: (i) The first and largest group of mannoproteins are glicosilfosfatidilinositol (GPI) proteins (proteins containing a glycosylphosphate inositol moiety), that can be extracted from the cell wall by treatment with saturated hydrogen fluoride in pyridine (HF) in pyridine; (ii) ALS-CWP (alkali soluble cell wall proteins) and (iii) RAE-CWP (reducing agents extractable cell wall proteins; Ruiz-Herrera et al. 2006; Klis, Boorsma and De Groot 2006; Klis et al. 2009 ) that are normally extracted from the wall by treatment with β mercaptoethanol (BME).
Considering the extreme importance of glycoproteins in the structure and functions of the cell wall, a number of techniques have been introduced for their isolation and the determination of their localization within the wall. Among these, antibodies have demonstrated to constitute a potent and useful tool for the study of their role in cell wall architecture (e.g. Monteagudo et al. 1995; Pavía et al. 2001) , as well as for the identification of fungal isolates. Several years ago, we isolated and described a monoclonal antibody (MAb 3H8) that recognizes a highly specific antigen present in the cell surface of C. albicans, but not in other Candida, or other fungal species (Marcilla et al. 1999) . The specificity of this antibody towards C. albicans strains has been used to develop a rapid diagnostic method to discriminate C. albicans isolates from those of other species, by means of a simple agglutination reaction in a commercial kit (Bichro-Latex albicans; Fomouze Diagnostics, France).
The antigen reactive to the 3H8 antibody was found to be covalently bound to the cell surface being released from the cell wall by digestion of the cell wall with β-1,3-glucanases (Marcilla et al. 1999) . Here, we provide data on the nature of this antigen, and the different types of linkages through which it is bound to the cell wall, as well as its identification. The results obtained, not only revealed the nature of the epitope, but also interesting insights on the organization of wall proteins of the fungus.
MATERIALS AND METHODS

Strains, growth media and conditions
The Candida albicans strains used in this work were the wild type strain SC5314 (Gillum, Tsay and Kirsch 1984) , a C. albicans mutant in the gene encoding Als3, kindly made available by S.P. Saville (Department of Biology and South Texas Center for Emerging Infectious Diseases, University of Texas at San Antonio), and a mutant lacking the gene encoding a β-glucanase, kindly donated by Francisco del Rey (University of Salamanca, Spain). Strains were maintained on slants of Yeast Extract Peptone Dextrose Agar solid medium (1% yeast extract, 2% peptone, 2% glucose, 2% agar). Loopfuls of cells from slants were inoculated into Yeast Nitrogen Base without amino acids (Difco, MI, USA) liquid medium supplemented normally with 0.5% ammonium sulfate and 2% glucose. Cultures were incubated overnight under shaking conditions at 28
• C to obtain the yeast form of the strains used.
Antibodies
In this work the following antibodies were used: (i) MAb 3H8 specific against an epitope present in the cell wall of C. albicans only (Marcilla et al. 1999 
Cell wall isolation
Cells were collected by centrifugation (3000 × g, 10 min), washed twice with ice-cold distilled water, suspended in a small volume of 1 mM Phenylmethanesulfonyl fluoride (PMSF; PanreacApplichem, Barcelona, Spain) and broken by shaking in a Vortex mixer with glass beads (5 mg beads per mg cells) at room temperature for at least eight periods of 1 min each with intermediate periods of 1 min on ice, until complete cell breakage was obtained. Full breakage was determined by observation with a phase-contrast microscope. The cell walls were recovered by centrifugation as above, washed four times with ice-cold 1 mM PMSF in distilled water, then boiled for 2 h with 2% dodecilsulfato sódico (SDS) in distilled water, washed at least 15 times with 1 mM PMSF in distilled water, freeze-dried and stored at -20
• C until used.
Protein extraction from the cell walls
(i) β-mercaptoethanol (BME; Panreac-Applichem, Barcelona, Spain) or dithithreitol (DTT; Bio-Rad Life Sciences, Madrid, Spain) extraction. This procedure extracts proteins that are linked in the wall to other proteins by disulfide bonds. Cell walls were suspended in 10 mM ammonium acetate pH 6.3, containing 2% (v/v) BME or 0.1 M DTT, shaken for 3 h at 28
• C, and the supernatant was recovered by centrifugation and freeze dried; (ii) NaOH treatment. Proteins, suggested to be bound to β-1,3 glucan (Ecker et al. 2006) , were released by incubation of the cell walls with 30 mM NaOH at 4
• C for 17 h. The reaction was stopped by addition of neutralizing amounts of acetic acid, followed by dialysis of the released protein. The dialyzed material was concentrated by freeze-drying; (iii) HF-pyridine treatment. GPI cell wall proteins bound to β-1,6 glucan were released by HF-pyridine extraction performed as described by De Groot et al. (2004) . Cell walls were incubated in undiluted HF-saturated pyridine (Sigma-Aldrich, St Louis, MO, USA) at 0 • C for 3 h. The reaction was stopped by diluting the reaction mixture with an equal amount of ice-cold water, HF-pyridine was removed by dialysis overnight against water, the dialyzed material was centrifuged and the supernatant was freeze-dried; (iv) Extraction with Zymolyase. This enzyme digests β-1,3 glucans, and releases most of the proteins from the cell walls. Cell walls were treated with Zymolyase 20 T (Seikagaku Corporation, Tokyo, Japan) 1 mg ml −1 in 1 mM PMSF for 2 h at 30 • C. After centrifugation, the supernatant was dialyzed and freeze dried. In all cases, protein from the extracts was measured as described by Bradford (1976) .
Polyacrylamide gel electrophoresis
Denaturating polyacrylamide electrophoresis (Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)) was basically performed as described by Laemmli (1970) , in 10% (w/v) polyacrylamide. Alternatively, electrophoresis in polyacrylamide gel gradients (see concentrations used in Results) was performed, using the Tricine-SDS-PAGE method of Wittig and Schägger (2009) . After electrophoresis, gels were stained with Coomasie Blue R-250 (Sigma-Aldrich, St Louis, MO, USA), transferred for western blot analysis or used for protein identification (see below).
Dot-blot and western blot analyses
(i) For dot-blot analysis, samples containing known amounts of protein of the different extracts were freeze-dried, suspended in 10 μl of distilled water and serially diluted with water. Samples (3 μl) of each dilution were applied to Hybond-C nitrocellulose membranes (Sigma-Aldrich, St. Louis, MO, USA) dried, and subjected to immunodetection (see below).
(ii) For western blot analyses, proteins were separated by SDS-PAGE (see above), followed to transfer onto Hybond-C nitrocellulose membranes, or vinilidene polyfluoride membranes (Sigma-Aldrich, St. Louis, MO, USA) and immunostained with PABY (1:1000), or the 3H8 MAb (1:4000). Peroxidase-bound secondary antibodies anti mouse IgG (for MAb), or anti rabbit (for polyclonal antibodies) were used respectively for detection using the Lumi-light western blotting substrate Roche (Roche Diagnostics, Barcelona, Spain), following the manufacturer's instructions.
Deglycosylation of cell wall proteins
The following methods were used: (i) periodate oxidation. Samples were incubated at 4
• C with 10 mM sodium metaperiodate in 50 mM sodium acetate buffer pH 4.5 for 20 min and transferred for 30 min to 1% glycine in 50 mM sodium acetate buffer pH 4.5.
(ii) Use of trifluoromethanesulfonic acid (TFMS). The method described elsewhere (Edge 2003; Castillo et al. 2008) 
Electron microscopy
Morphology of the protein samples was examined by electron microscopy. One microliter of protein samples were deposited on 200 mesh formvar/carbon-coated copper grids, dried at room temperature for 5 min, followed by addition of 2% phosphotungstic acid solution or 2.5% uranyl acetate. In both instances, samples were incubated for 15 min, the stain excess was removed and let to dry at room temperature. Samples were then observed in a Morgagni M-268 (Philips/FEI, The Netherlands) operated at 80 kV high voltage (EHT), in high magnification 140 000×, and working pressure: 5 × 10 −3 Pa (5 × 10 −5 Torr). Micrographs were captured in TIFF format with 1376 × 1032 pixels of size.
Identification of the proteins separated by PAGE
After separating the proteins by polyacrylamide gel electrophoresis, the gel was divided into two parts: one of them was used to locate the antigenic bands that reacted with the 3H8 MAb, or the polyclonal PABY antibody. In most experiments, only the section of the gel corresponding to the bands stained with the antibodies was cut for proteomic analysis, but in one exper- Figure 1 . Presence of the 3H8 antigen in growth supernatant, and extracts from SDS-extracted cell walls of C. albicans. Culture medium was evaporated by freezedrying and the residue dissolved in distilled water, and equal amounts of cell wall samples were extracted as indicated in Methods. After removal of the cell walls by centrifugation, the supernatant (1 mL) was diluted as indicated, and 10 μL were analyzed by dot-blot using the 3H8 MAb. 1, culture medium; 2 βME; 3, Zymolyase; 4, mild-alkali.
iment, sections of different size along the whole lane were cut for proteomic analysis. In both cases, the sections of the gel were washed sequentially with water, 50% (v/v) acetonitrile in water, acetonitrile mixed with 100 mM NH 4 HCO 3 (1:1 v:v) and 100% acetonitrile. Reduction of the proteins was performed with 10 mM dithiotreitol (DTT) and alkylation with 55 mM iodoacetamide (IAA). In-gel protein digestion was made saturating the gel fragments with 0.1% trypsin in 10 mM NH 4 HCO 3 and incubated at 37
• C overnight (Shevchenko, Tomas and Havlis 2006) . The resulting tryptic fragments were analyzed in a Linear Ion Trap Mass Spectrometer LTQ-Velos (Thermo Fisher Scientific Inc., Waltham, MA, USA) coupled to a nanoAcquity Waters (Milford, MA, USA) liquid chromatography system. Fragmentation spectra of the peptides were obtained in raw format and converted to an open format (mzXML). These spectra were compared with theoretical ones analyzed with the XTandem search engine contained in the Trans Proteomic Pipeline suite (Deutsch et al. 2010) . Theoretical spectra were obtained from refseq (National Center for Biotechnology Information) amino acid sequences of proteins of the genus Candida. Peptide assignations were validated with the PeptideProphet (Keller, Nesvizhskii and Kolker 2002) program. From these validated assignations, the ProteinProphet program (Nesvizhskii and Aebersold 2004 ) was used to calculate the probability of the presence of each inferred protein in the sample.
RESULTS
Candida albicans 3H8-reacting antigen is bound to cell wall by distinct types of linkages
In order to learn on the nature of the antigen recognized by the 3H8 MAb, different wall extracts and the spent growth medium were analyzed for their reactivity against the antibody. As described in Methods, the walls of exponentially growing Candida albicans cells were extracted with 2% SDS to remove noncovalently linked proteins, and extracted with mercaptoethanol (βME), Zymolyase or 30 mM NaOH. The spent growth medium was freeze-dried and suspended in water. The extracts and the medium were then subjected to dot-blot analysis with the 3H8 MAb. Only small amounts of antigen were located in the spent medium ( Fig. 1, line 1) . The 3H8 antigen was found in the βME extract (Fig. 1, line 2 ), a result that shows that part of the antigen is bound to the wall through disulfide linkages with other wall proteins, and in higher amounts in the Zymolyase extract ( Extraction of cell wall glycoproteins by NaOH or HF-pyridine. SDSextracted C. albicans cell walls were treated with NaOH or HF-pyridine, and the extracts were subjected to polyacrylamide gel electrophoresis. A, Western blot revealed with PAbY polyclonal antibody; B, Western blot revealed with MAb 3H8 antibody. Lanes A1 and B1, NaOH-extracted material; lanes A2 and B2, HF-pyridine extracted material.
( Fig. 1, line 4) . These last two results indicate that a large fraction of the antigen is bound to the glucan network through an alkali-sensitive bond.
To gain an additional insight on the attachment of the 3H8 antigen to the wall, in a further experiment we used purified SDS-washed walls that were extracted with NaOH, or with HFpyridine, subjected to SDS-PAGE in 10% acrylamide gels and detected by a western blot with the PABY polyclonal antibody or with the 3H8 MAb. It was observed that NaOH extracted a high Mr polydisperse compound that barely entered into the separating gel and reacted against the PABY and the 3H8 monoclonal antibodies (Fig. 2, lanes A1 and B1) . On the other hand, the material extracted with HF-pyridine, when revealed with the PABY antibody appeared as a highly polydisperse material of smaller MW than the original antigenic material, as deduced from its higher electrophoretic mobility (Fig. 2, lane A2 ), but when detected with the MAb 3H8 it appeared only as a faint band of high Mr compound that barely entered into the separating gel (Fig. 2, lane B2) . As HF-pyridine treatment removes the phospholipid involved in the attachment of GPI-proteins to β-1,6-glucan (De Groot et al. 2004) , these results revealed that the material that reacts with the PABY antibody is bound to the wall by means of GPI proteins, probably to β-1,6-glucan, whereas the material that reacts with the 3H8 MAb is bound to the wall β-1,3-glucan through an alkali-sensitive bond, but not to β-1,6-glucan.
The 3H8 epitope is present in a glycoprotein
To determine whether the reacting epitope was associated with a protein, we subjected the material extracted from the cell wall with dilute NaOH to digestion with trypsin at 37
• C, and at different time periods, samples were analyzed with the monoclonal 3H8 antibody by dot-blot. The results demonstrated that after 5 min the antigenic reactivity was almost completely lost (Fig. 3) . The glycoproteic nature of the antigen was analyzed by treatment of the 3H8 antigenic material extracted with βME with m-periodate, a compound that oxidizes the sugar moieties containing vicinal hydroxyl groups, and the original and periodatetreated materials were subjected to SDS-PAGE in 10% acrylamide gels. It was observed that periodate eliminated completely the reaction with the 3H8 MAb (not shown). Treatment of the solubilized material with TFMS also led to a loss of the antigenicity of the deglycosylated material (not shown), suggesting an absolute requirement for immune-reactivity of the N-linked sugar chains of the glycoprotein(s). This suggestion was confirmed by the complete loss of the high Mr material that reacts with the MAb 3H8 when the βME-extracted material was deglycosylated with EndoH as described in the experimental section. The resulting products were subjected to a western blot analysis, and stained with the MAb 3H8 (Fig. 4) . This result indicates that the N-linked carbohydrate moieties are important for the organization of the high Mr material. On the other hand, β-elimination did not affect the reactivity of the βME-solubilized material towards the MAb 3H8 (Fig. S1 , Supporting Information), suggesting that the O-linked oligosaccharides are not involved in the reaction to the antibody.
Separation of the antigenic material by gel electrophoresis in polyacrylamide gradient gels
Taking into consideration that the antigenic material extracted with NaOH or βME hardly penetrated into 10% acrylamide gels, we started using electrophoresis in polyacrylamide gel gradients. Accordingly, cell walls were extracted with NaOH or βME, treated with hot or cold SDS (room temperature), and the solubilized material was subjected to denaturing gel electrophoresis in a 3.5%-10% acrylamide gel gradient. Western analysis using the monoclonal 3H8 antibody revealed two bands that barely entered into the separating gel, indicating that their Mr was close to 1000 kDa [ Fig. 5 , bands 2, 3 (βME) and 6, 7 (alkali)]; but when the walls were treated with SDS in the cold, the bands appeared very faint [ Fig. 5 , bands 4, 5 (βME) and 8, 9 (alkali)], indicating that hot SDS was necessary to fully solubilize the material extracted by alkali or βME from the wall. Use of a 4%-7% acrylamide gradient gave similar results, although the bands appeared more polydisperse, and the faint bands were more apparent (not shown). . Susceptibility of the 3H8 antigen to enzymatic deglycosylation by EndoH. A cell wall sample extracted with βME was treated with EndoH as described in the experimental section, while a control sample remained untreated. Both samples were subjected to polyacrylamide gel electrophoresis, transferred as described for a western blot, and revealed with the 3H8 MAb. A, untreated sample; B, EndoH treated sample. BME BME BME BME NaOH NaOH NaOH NaOH 1 2 3 4 5 6 7 8 9 M.P.M 700 1000 kDa 500 kDa Figure 5 . Western blot of extracts of the SDS-washed walls with the MAb 3H8. The walls were extracted with NaOH or βME, treated with hot or cold (room temperature) SDS, and the solubilized material was subjected to denaturing gel electrophoresis in a 3.5%-10% polyacrylamide gel gradient. Lane 1, MW markers. Lanes 2-5, βME-extracted sample. Lanes 6-9, NaOH-extracted samples. Lanes 2-3, 6-7, samples treated with SDS at 95 o C; lanes 4-5, 8-9, samples treated with SDS at room temperature. Lanes 2, 4, 6 and 8, 20 μg protein; lanes 3, 5, 7 and 9, 40 μg protein.
Electron microscopy of the material extracted with NaOH or BME
As indicated above, the data obtained by gel electrophoresis were consistent with the idea that the material extracted with NaOH or βME consisted of aggregates made of several copies of a Figure 6 . Morphology of the material extracted from the SDS-washed cell walls with βME or NaOH. Samples were stained with 2% phosphotungstic acid solution, or 2.5% uranyl acetate, and observed in a transmission electron microscope. Photographs representative of the different morphologies of the material were selected. Mr. Accordingly, the samples extracted with NaOH or βME were observed by electron microscopy to determine the morphology of such aggregates. To this aim we used negative staining with phosphotungstic acid or uranyl acetate. Rather scant spheroidal structures of 50-150 nm in size were observed in both NaOH or βME extracted material, but the most common figure was in the form of large webs of variable sizes made of what appeared a sticky material. Thickness of the webs was variable, from around 10 to 30 nm (Fig. 6 ).
Proteomic analysis of the antigenic material separated by PAGE in polyacrylamide gradient gels
We proceeded to analyze the proteins present in the high Mr bands separated in polyacrylamide gradient gels that reacted with the monoclonal 3H8 antibody, using the methodology described above. The results obtained are presented in Table 1 (full peptide and protein data are presented in Table 1 , Supporting Information). In total, 12 proteins all corresponding to Candida spp were identified with probability higher than 0.991. Two proteins (a chitinase and a β-1,3-glucanase) are secreted, and only four are present in the cell surface, agglutinins ALS1, ALS2, ALS3 and ALS4. These results strongly suggested that the complex made by the ALS agglutinins plus other proteins is the one that reacts with the monoclonal 3H8 antibody. We may cite that our previous studies on the identification of the proteins extracted by βME or mild alkali revealed a similar profile as the one found for the aggregate (Caminero et al. 2014) . In further experiments, the antibody-reacting material obtained from the cell wall of the wild type and the mutant strains by extraction with βME or NaOH was subjected to western blot analysis. As shown in Fig. 7 , no difference existed among them. We thus proceeded to determine whether the 3H8 antibody recognized only the high Mr complex formed by the multiple proteins described above or one of them only. Accordingly, after running in a gel the material extracted with DTT or NaOH, proteins in one half of the gel were blotted and immunodetected with MAb 3H8. The other half was stained with Coomassie blue, Figure 7 . Western blot of samples extracted with DTTor NaOH from SDS-washed cell walls of the wild type and als3 mutant. Samples were subjected to electrophoresis in a 4%-7% polyacrylamide gel gradient, and blotted with the MAb 3H8. Lane 2, sample extracted from the wild-type strain with NaOH. Lane 3, sample extracted from the wild-type strain with DTT. Lane 4, precipitate formed by the excess of sample extracted from the wild-type strain with NaOH. Lane 5, sample extracted from the als3 mutant with NaOH. Lane 6, sample extracted from the als3 mutant with DTT. Lane 7, precipitate formed by the excess of sample extracted from the wild type strain with DTT. Lane 8, precipitate formed by the excess of sample extracted from the als3 mutant with NaOH. Lane 9, same as lane 8.
and the lanes in it were cut in sections as described in Fig. 8 . Proteins in each section were processed for their proteomic analysis, and the total and fractional (%) matched spectra for each protein were correlated with the densitometric values of the immunodetection (Fig. 8 . See also Table S2 , Supporting Information for full results). These results revealed that AgglutininLike Sequence family (ALS) proteins, the chitinase and the β-glucosidase, were present only in the high Mr bands, those correlating better with the 3H8 antigen.
Considering the apparent important role of ALS3 in the formation of the aggregate, we obtained the corresponding als3 mutant, and proceeded to obtain the fractions solubilized with NaOH or βME from the cell wall, and analyzed their reactivity towards the MAb 3H8 by dot-blot. It was observed that their reaction was undistinguishable from that of the wild-type strain (not shown). These results rule out the role of ALS3 as the antigenic material. Also the β-1,3-glucanase was eliminated as the antigen, since analysis of a mutant lacking its coding gene gave the same results as the wild-type strain (not shown). All these results suggested that the antibody recognized the whole complex only. In this sense, it may be important to recall that Endo H treatment led to the complete loss of reactivity of the complex towards 3H8, suggesting that it disaggregated the complex into components of lower Mr that were not recognized by the antibody. Interestingly, along the length of gel where the materials extracted with NaOH or DTT were separated, the number of identified proteins, which did not form part of the aggregates, was amazing (Table S2 , Supporting Information).
DISCUSSION
Antibodies have been an extremely useful tool in fungal wall research to obtain information about cell wall dynamics and architecture. In this work, we have analyzed the antigen recognized by our previously isolated MAb 3H8 (Marcilla et al. 1999) . This antibody recognizes a cell surface antigen specific of Candida albicans, present in both the yeast and mycelial cell walls. This antigen can be released from the cell walls by treatment with β-1,3-glucanase (Zymolyase), βME or DTT or mild alkali, but not with HF-pyridine solution. These results suggest that the antigen is bound to the wall β-1,3 glucan by an alkali-sensitive linkage, probably involving ser/thr residues joined to the hydroxyl groups of glucose residues as was previously suggested for Pir proteins (Ecker et al. 2006) , and by disulfide bridges to some wall proteins, but not to β-1,6 glucan. Several other cell wall proteins have been found to be retained in the cell wall although they may be also secreted to the growth medium in different amounts depending on the environmental conditions. For example, this is the case of Pir2/Hsp150 from Saccharomyces cerevisiae, which was firstly identified as a heat shock secreted protein (Russo et al. 1992) , and later on also found attached to the wall glucan mesh as an ASL-cell wall protein (Mrsa et al. 1997) , or linked by disulfide bridges to other wall compounds (Moukadiri and Zueco 2001) .
Our initial data obtained during the characterization of the 3H8 epitope revealed that it was present in a glycoprotein, considering its sensitivity to proteases, and to periodate, TFMS or EndoH, but not to O-glycosidic bound mannose chains, since it was resistant to β-elimination. Identity of the 3H8 antigen remained elusive mostly because of its extremely high Mr about 10 6 Da, without the existence of any component of lower Mr detected under any condition. All cell wall proteins identified so far have much lower molecular sizes, even considering their mannan component. This behavior leads us to suggest that the epitope is in the form of a multimere, or a complex formed by the association of ALS agglutinins with some secreted proteins, and other proteins of intracellular origin that may be released by the non-canonical secretion pathway of the exosomes (Nombela, Gil and Chaffin 2006; Miller, DiDone and Krysan 2010; Burggraaf, Punt and Ram 2016) . It is important to notice that independently of the characteristics of the electrophoretic analysis performed to analyze the aggregate, the material reacting with the MAb 3H8 appeared always in the form of two separate bands that contained roughly the same protein composition. These results suggest that the aggregate with the lower mobility in the gel (higher Mr) may be a dimer of the one with the higher mobility. We may advance the hypothesis that the aggregate is probably organized by the ALS proteins. It is known that these proteins can bind (adhere) to other proteins, and even to inert surfaces (see Hoyer 2001; de Groot et al. 2013; Hoyer and Cota 2016) , a property that has been attributed to their NT domains, while a shorter domain has the capacity to form amyloids involved in aggregation (Garcia et al. 2011; Lipke et al. 2018) . In this sense we can point out the striking similarity of the morphology of the aggregate recognized by the MAb 3H8 to amyloids. The observation that elimination by mutation of ALS3 did not affect the formation of the aggregate, suggests that its role, if any, can be substituted by another one of the identified ALS proteins.
The existence of these protein complexes in the cell wall probably is not specific to the one bearing the 3H8 epitope, since large complexes of high Mr could be revealed only by reaction with the PABY antibody that reacts with different wall proteins, and whose behavior towards periodate and trifluoromethanesulfonicacid and HF was different to the MAb 3H8-reacting complex. Interestingly, these complexes are resistant to protein denaturation by hot SDS treatment, and they remain associated after extraction by mild alkali or reducing agents, and are only degraded by destruction of their N-glycosidic chains. All these data suggest that the proteins making the complexes remain associated by a still unknown mechanism. A possible candidate is the formation of bridges among the proteins by the action of transglutaminase that we have detected to be present in C. albicans (Ruiz-Herrera et al. 1995) . In addition, we may indicate that these aggregates appear to be structural elements within the fungal cell wall, as demonstrated by their microscopic appearance. It is important to indicate that proteins with adhesion capacity similar to ALS are not specific of C. albicans or the Candida genus in general; similar proteins have been described in other fungal pathogens (de Groot et al. 2013) , and most likely they are present in other non-pathogenic and saprophytic fungi, for example S. cerevisiae (e.g. Dranginis et al. 2007; Lipke et al. 2018) . Accordingly, the possibility that they play a similar role in the organization of fungal wall proteins in general is feasible.
In conclusion, our data reveal that the antigen present in the cell wall of C. albicans that reacts with the 3H8 MAb exists in the form of large aggregates that use a scaffold made of surface ALS agglutinins that associate with other extracellular proteins, as well as intracellular ones, probably secreted through the action of exosomes (Feyder et al. 2015; MacDonald and Piper 2016) , by means of still unknown bonds (by the action of transglutaminases?), and that may be a representative of similar aggregates present in the cell wall of fungi.
